Case presentation A 3130 g infant girl was born at 39 weeks gestation to a 35-year-old gravida 4, para 3 mother. The pregnancy had been complicated by a sonographic diagnosis of an omphalocele and of a membranous ventricular septal defect. After birth, the infant was noted to have a small midline, epigastric covered anterior abdominal wall defect called an epigastric omphalocele. Apgar scores were 8 at 1 min and 9 at 5 min. A fetal echocardiogram performed after delivery did not show a ventricular septal defect, only a patent foramen ovale and small patent ductus arteriosus. An initial frontal chest radiograph was obtained ( Figure 1 ) and then the patient was taken to the operating room for repair of the small omphalocele. Postoperatively, the infant began vomiting and became hypotensive on the second day. A repeat chest radiograph was obtained ( Figure 2 ) as well as an upper gastrointestinal series ( Figure 3 ). The patient was immediately returned to the operating room.
Denouement and discussion
The upper gastrointestinal series showed a retrosternal or left Morgagni hernia. The hernia contained stomach and colon. The stomach was obstructed due to organoaxial volvulus. At surgery the child was found to have a midline diaphragmatic defect with a large defect in the pericardium. A hernia through the diaphragmatic defect contained transverse mesocolon, transverse colon and the stomach, which had in fact undergone organoaxial volvulus. These mesocolon and bowel loops were returned to the abdomen. The gastric volvulus was reduced and both the stomach and colon appeared normal and were viable. The diaphragmatic defect was closed with some difficulty because it extended to the sternum anteriorly and fused with the edges of the residual pericardium ( Figure 4 ).
This midline retrosternal defect in the septum transversum portion of the diaphragm is the characteristic and primary abnormality in Cantrell syndrome. 1 Originally described in 1958, this congenital malformation syndrome characteristically consists of five (a pentology or pentad) defects. These defects are as follows:
(1) a midline abdominal wall defect, (2) a caudal sternal defect, (3) an anterior retrosternal diaphragmatic defect, (4) a pericardial defect and (5) congenital heart disease. 2 The cardiac malformation may include left ventricular diverticula and less commonly right ventricular diverticula, which extend into the anterior abdominal defect. 3 Because of this cardiac defect, Cantrell syndrome is sometimes classified as a type of ectopic cordis, or abnormal cardiac position outside of the thoracic cavity. 4, 5 Although this is perhaps the most dramatic abnormality in Cantrell syndrome, it is infrequently present. 5 The sternal defects include most frequently a bifid sternum in 26%, an absent xiphoid in 10% and absent lower 2/3 of sternum in 9% of cases. 3 The anterior abdominal wall defect in 63% of cases is an omphalocele, which is called epigastric (as in the case reported here) or supraumbilical, to emphasize its high position relative to the diaphragm and sternum. The next most common anterior abdominal wall defect seen in 13% of cases is diastasis of the rectus muscles. 3 The diaphragmatic defect is usually a ventral retrosternal defect occurring in 91% of cases. Pericardial defects include absent pericardium in 75% and ventral-deficient pericardium in 22% of cases. The cardiac lesions include ventricular septal defect in 72%, atrial septal defect in 35%, left ventricular diverticulum in 32%, right ventricular diverticulum in 3%, left ventricular aneurysm in 2% and Tetralogy of Fallot in 20% of cases.
Most cases are sporadic with an incidence of 1 in 5.5 million live births. 1 Cantrell syndrome has a male predominance that may be as high as 2.7:1 and may be slightly more common in African Americans. 6 This syndrome has been associated occasionally with other major malformations including sirenomelia, anencephaly, amniotic band syndrome and polysplenia syndrome. The mortality rate is high with 52% of patients dying in the perioperative period. 3 The etiology of Cantrell syndrome is not known but the primary abnormality occurs before 21 days of fetal life, 1 probably between 14 and 18 days, with failure of midline fusion of the septum transversum of the diaphragm. This leads to failure of closure of the sternum and anterior abdominal wall. 
